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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

MARTIN, T.etal. Atty. Ref.: 124-909 

Serial No. unknown Group: 

Filed: December 12, 2001 Examiner: 

For: METHOD OF FABRICATING A SEMICONDUCTOR DEVICE 



December 12, 2001 



il Sir: 



Assistant Commissioner for Patents 
Washington, DC 20231 



PRELIMINARY AMENDMENT 

b 

y> In order to place the above-identified application in better condition for 

IIJ 

ij^ examination, please amend the application as follows: 
IN THE SPECIFICATION 

Please substitute the following paragraphs in the specification for corresponding 
paragraphs previously presented. A copy of the amended specification paragraphs 
showing current revisions is attached. 

Page 1, before the first Hne, insert as a separate paragraph: 
This application is the U.S. national phase of international application 
PCT/GBOO/02145 filed 02/06/2000, which designated tiie U.S.. 



MARTIN, T.etal. 
Serial No. mknown 

IN THE CLAIMS 

Please substitute the following amended claims for corresponding claims 
previously presented. A copy of the amended claims showing current revisions is 
attached. 

3. A method according to Claim 1 characterised in that the mechanical shadow mask 
comprises a sihcon wafer (92) having etched apertures (23) and an oxide film coating 
(91) upon which deposition does not occur at temperatures used for growth by chemical 
beam epitaxy. 

4. A method according to claim 1 characterised in that the semiconductor device is a 
device (31, 100) for guiding radiation. 



-2- 



584473 I 



MARTIN. T.etal. 



Serial No. unknown 



REMARKS 



Attached hereto is a marked-up version of the changes made to the specification 
and claims by the current amendment. The attached page(s) is captioned " Version With 
Markings To Show Changes Made ." 

Respectfully submitted, 
NIXON & VANDERHYE P.C. 

Arthur K Crawford 
Reg. No. 25,327 

ARC:ecb 

1 100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703)816-4000 
Facsimile: (703) 816-4100 
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MARTIN, T.etal. 
Serial No. imtamoWn 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION 

Page 1, before the first line, insert as a separate paragraph: 
This application is the U.S. national phase of international application 
PCT/GBOO/02145 filed 02/06/2000, which designated the U.S.. 

IN THE CLAIMS 

3. A method according to Claim 1-6^5 characterised in that the mechanical shadow 
mask comprises a silicon wafer (92) having etched apertures (23) and an oxide fihn 
coating (91) upon which deposition does not occur at temperatures used for growth by 
» chemical beam epitaxy. 

; 4. A method according to a n y preceding claim l_characterised in that the 
semiconductor device is a device (3 1 , 100) for guiding radiation. 
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METHOD OF FABRICATING A SEMICONDUCTOR DEVICE 

The invention reiates to a mettiod of fabricating a semiconductor device with a tapered 
epltaxiai iayer. 

5 

Opto-electronic systems contain optical fibres aid opto-electrDnic semiconductor devices 
such as lasers, amplifiers, modulators, detectors and switches. The size and shape of 
the optical modes supported by optical fibres are significantly different to those within 
opto-electronic semiconductor devices, and this results in modal mismatch and high 
'710 optical losses when optical radiation is coupled between such devices and fibres. 

One technology which reduces such optical losses involves the use of a microiens 
placed between the opto-electronic semiconductor device and the optical fibre. The 
microlens changes the size of the optical mode output by the opto-electronic 
1 5 semiconductor device or optical fibre, but not the shape of the mode. Another technology 
involves the use of an opti(»i mode-converting waveguide placed between the opto- 
; 4 elec&ortic semiconductor device and the optical fibre. Both of these technologies 
demand very high alignment tolerances vi^ the result that the alignment of ^a 
1 components can represent the most significant part of the total cost of an opto-electronic 
20 system. 



A third technology which reduces coupling losses involves the use of opto-electronic 
semiconductor devices having output waveguides with a two-dimensional tapered 
thickness profile between the active part of the device and the output facet. This tapering 
26 of the output waveguide allows the relatively small (0.5 to 2.0 ^m) and sometimes highly 
asymmetric optical mode from the active part of an opto-electronic semiconductor device 
to be closely matched to the larger (6 to 10 nm), circularly symmetric optical mode 
supported by an optical fibre. 

30 Lateral tapering of the output waveguide of an opto-electronic semiconductor device, l.e. 
tapering in a plane parallel to a substrate surface, may be achieved using known 
semiconductor processing techniques such as photolithography and chemical etc*iing. 
This is earned out after epitaxial growth of the wafer from whicfi the device is made. 
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Tapering the core layer of a waveguide In a plane perpendicular to the plane of epitaxial 
layer on which it is grown is more difficutt and Involves controlling the thidcness of the 
core layer during wafer growth. 

5 iy/lethods cun'ently used for producing vertically tapered and flared semiconductor optical 
waveguides are described by Moerman in IEEE Journal of Selected Topics in Quantum 
Electronics. Volume 3 , Number 6, pp 13QB - 1320 and may be classified under three 
main headings, as follows: 

10 Etching and re^rowth techniques: 

In these techniques, epitaxial growth of the wafer is stopped after deposition of the core 
t layer of the waveguide. The wafi^ is then removed from the wafer growth apparatus 
r and the core layer is etched to produce the required taper profile. The wafer is then 
replaced in the growth apparatus and the upper guiding layer is grown over the etched 
' 15 core layer. These techniques have the following disadvantages. First, the overati 
y processing is complex and time-consuming. Second, removal of the partially-grown 
wafer from the growth apparatus and etching the waveguide core layer introduces 
contamination into the waveguide, increasing optical losses and reducing yield. Third, 
these methods have very low reproducibility. In one such method, l<nown as dip-etching, 
20 it not possibie to process the whole surface of a wafer 

Impurity-induced disordering: 

This is a technique for producing vertically tapered waveguides starting with a waveguide 
in which the core layer has a uniform thickness. This technique is limited in that the initial 

25 unifomn waveguide must have a core layer consisting of a muitipie quantum^well region. 
Zinc is diffused into the waveguide through the upper guiding layer and penetrates the 
core layer to depth which varies with lateral position, i.e. position in the plane of the 
epitaxial layers. Where zinc has diffused, the refractive Index of the core layer is reduced 
to that of the guiding layers, producing vertical tapering of the waveguide. This technique 

30 has low reproducibility, and the resulting waveguides have significant optical loss in the 
regions where zinc diffusion occurs. It is also limited in respect of the material systems 
tiiat may be used. 
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Epitaxial techniques: 

Several techniques exist rn which the tapered core layer and upper guiding layer of a 
waveguide may be grown in a single step. For example, a temperature gradient 
introduced In the plane of a wafer consisting of a substrate and a lower guiding layer 
5 during the growth of the core layer by molecular beam epitaxy (MBE) may be used to 
control the thickness of that layer, in this technique It is very difficult to control the 
compositional uniformity of ternary and quaternary compounds across the temperature 
gradient and materials having a low melting point or requiring a high growth temperature 

U% may have a narrow range of suitable growth teiTH>erature$. This places limlte on the 

J 0 temperature gradients that may be employed. 

s 

Another epitaxial technique is known as "growth<on^-ridge". By standard etching 
I y methods a ridge of varying width may be produced on a wafer comprising a substrate 

and a lower guiding layer Due to surface diffusion properties of metaf-organlc vapour- 
J^|5 phase epitaxy (MOVPE), the growth rate of the remaining waveguide layers increases as 

the width of the ridge decreases, producing a tapered waveguide. This technique 
i^l^ involves complicated and time-consuming wafer processing before epitaxial growth of the 
Q core and upper guiding layers can take place. 

m 

20 Yet another epitaxial technique is shadow-mask iViOVPE growth using a dielectric mask. 
In this technique, a pattemed dielectric mask is deposited onto a wafer. During UOyPE 
epitaxial growth, deposition takes place through a window in the shadow mask. The 
lateral thickness of the layer deposited underneath the shadow mask may be controlled 
by varying the lateral dimensions of the window, the distance between the mask and the 
25 substrate, and the reactor pressure. This technique involves an sddittonai growth step of 
growing the dielectric mask and an additional processing step to remove it. It also 
involves processing steps to pattern the mask which Involve considerate delay and may 
leave the surface contaminated. Although a mechanical shadow mask may tie used 
instead of a dielectric mask. MOVPE growth Inevitably results in compositional non- 
30 uniformity within the tapered layer due to the unequal diffusion lengths of the reactton 
gases In MOVPE growth. This results in refracUve index non-unlfonnity within the 
tapered layer which adversely affects the guWing of light within that layer. Also, exposure 
of the wafer to the atmosphere during mask insertion and removal may result in 

\MENDED SHEET 




DERA MALVERN IPD/ 




01684 89SS42 




4 



contamination of the wafer. A further disadvantage Is that deposition of material on the 
masic Itself necessitates mask cleaning or replacement. 

US patent number 4 855 255 discloses a method for growing a tapered epitaxial layer by, 
5 Utter alia, chemical beam epitaxy. The method Involves the generation of thermal 
gradients across the surftice of a substrate upon which the tapered layer is to be grown, 
in order to spatially control the rate at which epitaxial growth takes place at various 
positions on the substrate. 

10 It is an object of the invention to provide an alternative process for ^bricating a 
semiconductor opticai slab-waveguide. 

1 According to an aspect of tiie invention, there is provided method of fabricating a 
semiconductor device Including a step of growing a tapered epitaxial layer upon a 
15 supporting surface in a single epitaxial growth step by chemical beam epitaxy, the plane 
of the taper being substantially perpendicular to the supporting surface, characterised in 

^ that the tapered epitaxial layer is grown using a mechanical shadow mask. 

The invention makes ft possible to fabricate a waveguide incorporating a core layer which 
20 tapers continuously in a plane perpendicular to the plane of a substrate on which the 
waveguide is fabricated. In tapered waveguides grown by MOVPE, the core layer 
thickness first increases before tapering to the fiiin part of the core. This adversely 
affects the guiding properties and optical loss of the waveguide and is avoided in the 
present process. Furthermore, compositional inhomogeneltles present in tapered 
25 regions of waveguides produced by MOVPE growth are avoided due to the absence of 
gas phase reactions in CBE growth. The present method makes it possible to avoid 
uncontrolled changes in thickness and rsfractive index during epitaxial growth that may 
affect the guiding properties of a waveguide or increase its optical loss. 

30 The tapered epitaxial layer may be grown in the same growth step as an untapered 
epitaxial layer. This allows wafer fabrication for devices having both tapered and 
untapered iayers to be can-ied out without interruption of growth, which can lead to 
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contamination and reduced device perfbnnanoe. Such wafer fabrication is relatively 
simple and rapid, afiowing relativeiy inexpensive production on an Industrial scale. 

Prefsrabiy the mechanical shadow mask has an oxide coating upon which deposition 
5 does not occur at temperatures used for growth by chemical beam epitaxy. As there is 
no polycrystalllne growth on the shadow mask during epitaxial growth, a shadow mask 
used in the method maintains its definition during epitaxial growth and may be re-used 
without cleaning in further growth runs. This Is in contrast to growth by MBE where 
significant poiycrystalline growth occurs on the shadow mask causing unwanted 
10 shadowing effects. 

, The method may be used to fabricate a semiconductor device for guiding radiation, for 
example an optical waveguide. 

1 5 in order that the invention may be mora fully understood, embodiments thereof wfli now 
be described, by way of exampte only, with reference to the accompanying drawings in 
which: 



Figures 1 to 4 show the principal stages rn a process according to the invention for 
producing a semiconductor optical wavegukte with a core layer which is tapered in 
two dimensions. 



Figure 5 .shows a vertical section of a mechanical apparatus used during 
producb'on of the waveguide. 



Figure 6 shows a vertical section of a shadow mask used in the process, 



Figure 7 shows a plan view of the shadow mask^ and 
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Figure 8 shows the structure of an opto-eiectronic semiconductor modulator 
which may also be produced by a process of the invention and which has a core 
layer which is tapered In two dimensions. 

Referring to Figure 1, there is shown a portion of a vertical section through a gallium 
arsenide (GaAs) substrate wafer 10. The substrate 10 is prepared for epitaxial growth 
according to standard procedures familiar to those skilled in the art of semiconductor 
device fabrication. The substrate 10 is mounted in a mol^denum holder (not shown). 
The mounted substrate 10 is loaded into a chemical beam epitaxy (CBE) apparatus 
(not shown) and is then stored under ultra-high vacuum (UHV)- It is tiien loaded into 
the growth chamber of the CBE apparatus under UHV conditions and heated to 
approximately 650 "C under an arsenic overpressure to remove oxide deposits on the 
surface whilst maintaining a stable surface and avoiding roughening. The temperature 
of the substrate 10 Is then set to a growth temperature in the range 400 to 700 <*C, 
t^ically 540 *'C, to reduce unintentional incorporation of impurities during CBE growth 
using the preferred sources. Referring to Figure 2, the follovynng layers are 
successively deposited by CBE uniformly over the surface of the substrate 10 in the 
following order 

a 0.5 |iim layer 11 of GaAs, 

a 3.5 mm layer 12 of AIGaAs having an aluminium mole fraction of 0.05 ± 0.005, 
a 0.4 i^m layer 13 of AIGaAs having an aluminium mole fiadion of 0.3 ± 0.03, 
and 

a 1.8 |xm layer 14 of GaAs. 

During CBE growth of the layers 1 1 to 14, the CBE reactor pressure is kept below 10"^ 
Torr so that gas phase reactions are avoided and the substrate 10 is rotated at 60 
revolutions per minute. The layer 11 is a buffer layer which separates waveguide 
layers from the substrate 10. Layers 12 and 13 fomn lower guiding layers in the 
finished waveguide. The ttiickness of layer 14 is equal to ^at of a thin region of the 
tapered core layer in the finished waveguide. The substrate 10 and the layers 11 to 14 
constitute a partially grown wafer 28. Following deposition of the layer 14 the arsine 
flux is switched off and the temperature of the wafer 28 is reduced to 200°C to avoid 
roughening of its upper surfece. 
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Referring now to Figure 3, a silicon dioxide coated silicon shadow mask 22 (of which 
an end portion is shown) having a series of apertures such as 23 is mounted In 
intimate contact with a tantalum spacer 20 in amolydenum carrier (not shown). The 
shadow mask 22 and spacer 20 are loaded into the growth chamber of the CBE 
5 apparatus under UHV conditions and clamped into position. The spacer 20 separates 
the shadow mask 22 from the exposed surface of the layer 14 by a distance of 100 
urn. The arsine flux is switched on and the temperature of the wafer 28 is returned to a 
growth temperature which is the original growth temperature (540 *C) corrected for an 
increase In surface temperature of the wafer 28 as a result of the shadow mask 22 

10 reducing heat loss from it. CBE growth is then resumed. The environmental 
conditions in the CBE apparatus are such that CBE growth will take place on a 
chemically appropriate surface (i.e. layer 14) but not on an inappropriate surface (i.e. 

I the surface of the mask 22). A 4 ^m layer 16 of GaAs Is grown over the layer 14 
through the apertures In the shadow mask 22. In regions such as 29, close to the 

t6 edges of the apertures in the mask 22, the growth rate Is reduced so that the finished 
layer 16 has a thickness profile in the region 29 which tapers smoothly from zero to 4 
nm over a lateral distance of approximately 1000 jim. Layers 14 and 16 form a 
homogeneous core layer 18 having tapered regions such as 15. It is believed that the 

J; profile of the tapers such as 15 is dominated by the angle at which chemical beams 

20 anive at the wafer 28 during epitaxial growth. The length of the tapers 15 may be 
controlled by changing the thickness of the spacer 20 and the angle at which the 
chemical beams anive at the wafer 28. This is in contrast to shadow mask growth by 
MOVPE where the taper profile is dominated by the geometry of apertures in the 
shadow mask and gas phase reactions so that the tapers' lengths may be limited by 

25 the diffusion length of molecules on the surface at a given temperature. 

Growth of layer 16 Is terminated by switching off the flux of group Hi -containing 
species to the growth chamt)er of the CBE apparatus. The temperature of the wafer 
30 is reduced to 200 "C and the arsine supply to the CBE apparatus is switched off. 

30 The spacer 20 and shadow mask 22 are removed under UHV conditions. The arsine 
flux is then switched on and the temperature of the wafer 30 is returned to 
approximately 540 "C. CBE growth is then resumed. Referring now to Figure 4, a 1.2 
^m thick layer 24 of AIGaAs having an aluminium mole fraction of 0.2 ± 0.02 is 
deposited on the upper surface of the layer 18 forming an upper guiding layer. A 0.1 

35 ^m capping layer 26 of GaAs is deposited uniformly over the upper guiding layer 24. 
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Epitaxial growtli is then complete and the finished wafer 31 is removed from the CBE 
apparatus. 

Lateral tapering of the waveguide, i.e. tapering in a plane parallel to the plane of the 
5 surface of the substrate 10, is then carried out by photolithography and reactive-ion 
etching in order to produce a laterally tapered ridge waveguide. Accurate 
photolithography may be achieved using a minimal length tapered alignment feature 
deposited through the shadow mask 22. The completed device is a passive ridge 
waveguide incoiporating a core region which is tapered in two dimensions and u^ich 
10 converts the size of an optical mode guided wittiin it. 

^3 The CBE apparatus includes a stainless steel growth chamber having a rotatable 
heated substrate assembly, a gas inlet manifold, a stainless steel storage chamber for 
storage of substrates and shadow masks, a stainless steel loadiod< chamber for 
loading and unloading substrates and shadow masks and a transfer mechanism for 

l{ transferring substrates and shadow masks between chambers. The CBE apparatus 
also includes vacuum pumps to mainteiin UHV conditions within the chambei^ of the 
apparatus. During epitaxial growth, group III and group V chemical beams impinge on 
the surface of the substrate 1 0 at 45°. 

20 

Referring to Figure 5, there is shown a vertical section of a mechanical apparatus 50 
which is used to hold the substrate 10, the spacer 20 and the shadow mask 22 within 
the CBE apparatus during epitaxial growth, llie substrate 10 is mounted on a 
molybdenum carrier 52 and ts secured in position by two tantalum springs 54. The 

25 substrate 10 has a major flat which sits firmly against a flat surface 56 of the carrier 52. 
The carrier 52 is attached to a heater assembly 58 by three pins such as 60. Hie 
spacer 20 and shadow mask 22 are mounted in a molybdenum holder 62 which is 
mounted onto ttie apparatus 50 over the substrate 10 by three pins such as 64, the 
spacer 20 being in contact with the substrate 10 around its edge. A damping ring 66 

30 having three springs 68 is mounted over the shadow mask 20 on the three pins to 
ensure contact between tiie spacer 20 and the substrate 10. The apparatus 50 gives 
minimum rotational error and accurate registration between ^e substrate 10 and 
shadow mask 22. 
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Referring now to Figure 6, there is shown a vertical section of the shadow mask 22. 
The mask 22 is fabricated from a silicon wafer having a thickness of 450 ^m and a 
diameter of 75 mm. By standard procedures of photolithography and chemical 
etching, the <111> planes of the silicon wafer are etched to produce a series of 
5 apertures such as 23 with sloping sides such as 90 which are inclined at 54.7«> to the 
plane of the silicon wafer. The remaining silicon 92 is coated with a thermal oxide film 
91. Due to the chemical nature of CBE growth, there is no polycrystalline growth on 
the shadow mask 22 during epitaxial growth of layer 16. This is because 
decomposition of metal-containing alkyls does not occur on the oxide surface 91 of the 

10 mask 22 over a large temperature range in CBE growth. Figure 7 shows a plan view 
of the shadow mask 22 and also indicates the apertures 23 and the position of the 

- substrate 10. The shadow mask 22 includes apertures 40 for the intmsion of the 

i: springs 54 and flat surface 56. The mask 22 also has holes 41 to enable it to be 
, il attached to the molybdenum carrier 62. 

45 

In a further embodiment of the invention, the process may be used to fabricate a 
.^^ tapered waveguide in which the guiding layers are of indium gallium arsenide 
" phosphide (InGaAsP) and the tapered core layer is of indium phosphide (InP). Such a 
'J waveguide may be used for guiding and reshaping optical modes with wavelengths 
20 around 1 .3 or 1.5 urn. In yet further embodiments of the invention, the process may be 

used to fabricate vertically tapered waveguides having core layers of indium arsenide 

(InAs), gallium antlmonide (GaSb) or indium antimonide (InSb) for use with radiation 

having wavelengths between 1 and 8 ^im. 

25 The process of the invention may also be used to fabricate other semiconductor 
devices incorporating at least one tapered layer in a single epitaxial growth step. 
Figure 8 shows the structure of an opto-electronic semiconductor modulator 100 which 
may be fabricated by the process. The modulator 100 is fabricated as follows. An n- 
type GaAs substrate wafer 110 Is prepared, mounted and loaded into a CBE apparatus 

30 as described above. The following epitaxial layers are then successively deposited on 
the wafer 1 10 by CBE in the following order 

a 0.5 \im layer 1 12 of n-type GaAs having a doping density of 10^^ cm"^, 
a 3.5 ism layer 1 14 of n-type AIGaAs having an aluminium mole fraction of 0.05 ± 
35 0.005 and a doping density of 1 0" cm"', 



wo 00/77548 



PCT/GBO0AJ2145 



10 

a 0.3 urn layer 116 of n-type AIGaAs having an aluminium mole fraction of 0.3 ± 0.03 
and a doping density of 10^^ cm'^, 

a 0.1 Jim layer 118 of n-type AIGaAs having an aluminium mole fraction of 0.3 ± 0.03 
and a doping density of 1 0" cm-*, 
5 a layer 120 of undoped GaAs having a tapered region 126 in which the thickness of 
the layer 120 increases from 1.8 to 5.8 nm over a lateral distance of approximately 
1000 iim and which is formed using a spacer and shadow mask as described above, 
a 1-2 ixm layer 122 of undoped AIGaAs having an aluminium mole firaction of 0.2 ± 
0.02, and 

10 a 0. i nm capping layer 1 24 of undoped GaAs. 
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CLAIMS 

1. A method of fabricating a semiconductor device including a step of growing a 
tapered epitaxial layer (18; 126) upon a supporting surface (13; 118} in a single 
epitaMai growth step by chemical beam epitaxy, the plane of the taper being 
substantially perpendicular to the supporting surface, characterised in that the 
tapered epitaxial layer is grown using a mechanical shadow mask (22). 

2. A method according to Claim 2 characterlsBd in that the tapered epitaxial layer is 
grown In the same growth step as an untapered epitaxial layer (12; 1 16). 

3. A method according to Claim 1 or 2 characterised in that the mechanical shadow 
mask comprises a silicon wafer (92) having etched apertures (23) and an oxide film 
coating (91) upon which deposition does not occur at temperatures used fbr growth 
by chemical beam epitaxy. 

4. A method according to any preceding daim characterised in that the 
semiconductor devriee is a de\rice (31 . 100) for guiding radiation. 

5. A method according to Claim 4 characterised in that the semiconductor device is 
an optical waveguide (100). 
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RULE 63 (37 C.F.R. 1.63) 
DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next to my name, and I believe 
I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: • 

METHOD OF FABRICATING A SEMICONDUCTOR DEVICE 

the specification of which (check applicable box(s)): 

□ is attached hereto 

□ was filed on 



was filed as POT International application No. 



as U.S. Application Serial No. 
PCT/GBOO/02145 



on 02-Jun-2000 



11-April-2001 



and (if applicable to U.S. or PCT application) was amended on 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with 
37 C.F.R. 1 .56. I hereby claim foreign priority benefits under 35 U.S.C. 1 1 9/365 of any foreign application(s) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or inventor's certificate having a filing date before that of the application on which 
priority is claimed or, if no priority is claimed, before the filing date of this application: 
Priority Foreign Application (s): 

Application Number Country Day/Month/Year Filed 

9913713.5 GB 14-Jun-1999 

t^reby claim the benefit under 35 U.S.C. §11 9(e) of any United States provisional application(s) listed below, 
iliblication Number Date/Month/Year Filed 



|i*fereby claim the benefit under 35 U.S.C. 1 20/365 of all prior United States and PCT international applications listed above or below and, insofar as the 
ipiliject matter of each of the claims of this application Is not disclosed in such prior applications in the manner provided by the first paragraph of 35 
UiS.C. 112,1 acknowledge the duty to disclose material information as defined in 37 C.F.R. 1 .56 which occurred between the filing date of the prior 
d^|)llcations and the national or PCT international filing date of this application: 



F^or U.S7PCT Application(s): 
Apilication Serial No. 

i^iiT/GBOO/02145 



Day/Month/Year Filed 

02-Jun-2000 



Status: patented 
pending, abandoned 

PENDING 



( Jk^reby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to o-^h' 
bsHrue; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or ■- ~ 
Frlprisonment, or both, under Section 1001 of Title 1 8 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. And I hereby appoint NIXON & VANDERHYE P.C., 1 100 North Glebe Rd., 8* Floor, Arlington, VA 
22201-4714, telephone number (703) 816-4000 (to whom all communications are to be directed), and the following attorneys thereof (of the same 
address) individually and collectively my attorneys to prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith and with the resulting patent: Arthur R. Crawfor d. 25327: L arry S. Nixon, 25640: R obert A. Vanderhye,^7g76; James T. Hosmer, 
30]M; Robert W. Paris. 3 1352: R ichard G. Besha, 22770; Mark E. Nusbaum, 32348; Michael J. Keenan, 32106; Bryan H. Davidson, 30251; S tanley C. 
Spooner, 272^3; Leonard C. Mitchard, 29009; Duane M. Byers, 33363; Jeffry H. Nelson, 30481; John R. Lastova, 33149: H. Warren Burnam, Jr. 29366 ; 
Thomas E. Byme , 3220 5; Mary J. Wilso n, 32655iJ . Scott Davidson7 ^5489; A lan M. Kager i. 36178 : William J. Griffin, 312S0rRobert A. Molan,2g§^r 
B. J. Sadoff,,2ge^; James D. Berquist,'MZZS; Updeep S. Gill, ST^iJVIichael J. Sheaj3dZ25; Donald L. Jackson.JJUgO; Michelle N. Lester^J^Si,: 



Inventor's Signature: 
Inventor: j^Qd 



y. (city) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 
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y. (city) 
Post Office Address: 
(Zip Code) 
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(state/country) GB 




British 
(citizenship) 


QinetiQ Malvern, 


St Andrews Road, Malvern, Worcestershire 
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Date: 
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British 
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(state/country) GB 




(citizenship) 


QinetiQ Malvern, 


St Andrews Road, Malvern, Worcestershire 






WR14 3PS 



FOR ADDITIONAL INVENTORS, check box ^ and attach sheet with same information and signature and date for each. 



341317 



Nixon & Vandeitiye P.C. (12/95) 

RULE63(37C.F.R.1.63) 
DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

As a below named inventor, I iiereby declare that my residence, post office address and citizenship are as stated below next to my name, and I believe 
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METHOD OF FABRICATING A SEMICONDUCTOR DEVICE 

the specification of which (check applicable box(s)): 
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□ was filed on as U.S. Application Serial No. 

S was filed as PCT International application No. PCT/G BOO/021 45 on 02-Jun-2000 

and (if applicable to U.S. or PCT application) was amended on 1 1 -April-2001 



Atty Dkt. No. 
P2844/1/USW 



I hereby state that 1 have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to the patentability of this application in accordance with 
37 C.F.R. 1 .56. I hereby claim foreign priority benefits under 35 U.S.C. 1 19/365 of any foreign applicatlon(s) for patent or inventor's certificate listed 
below and have also identified below any foreign application for patent or inventor's certificate having a filing date before that of the application on which 
pfisrity is claimed or, if no priority is claimed, before the filing date of this application: 
Priority Foreign Application(s): 

Aaplication Number Country Day/IMonth/Year Filed 
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A^licatlon Number Date/Month/Year Filed 



' "PH^^y ^'^'"^ ^"^^ "oenefii under 35 U.S.C. 120/365 of all prior United States and PCT international applications listed above or below and, insofar as the 
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22201-4714, telephone number (703) 816-4000 (to wtiom ail communications are to be directed), and the following attorneys thereof (of the same 
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Thomas E. Byrne, 32205; Mary J. Wilson, 32955; J. Scott Davidson, 33489; Alan M. Kagen, 36178; William J. Griffin, 31260; Robert A. Molan, 29834- ' 
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